Cite this article as: Oszczudlowski M, Dobruch J. Prediction of progression to muscle-invasive disease in patients with highrisk bladder cancer.
Despite complete transurethral resection of bladder tumor (TURBT) and adjuvant intravesical treatment, relevant proportion of patients with non-muscle invasive bladder cancer (NMIBC) experience disease recurrence or progression (1) . Furthermore, from those who experience progression to muscle invasive bladder cancer (MIBC), two thirds succumb to the disease within 48 months even after radical treatment (2) . It has also been shown that cancer specific survival (CSS) is significantly worse when secondary MIBC has occurred, when related to primary muscle invasive disease. In such cases, upfront (early or immediate) radical cystectomy (RC) is preferred option, likely improving oncological outcomes and should be considered in a group of NMIBC patients with very high risk of progression (3). On the other hand, there are still a major proportion of patients who may be cured by conservative therapy and for whom RC is deemed as overtreatment. This highlights the need for accurate prediction of progression in patients with high risk NMIBC.
The most commonly used tool to this end is EORTC risk calculator. It is based on standard clinical and pathological features such as size and number of tumors, recurrence rate, tumor grade, clinical stage and the presence of concomitant carcinoma in situ (CIS). Combination of these features allows for assessment of the probability of cancer recurrence and progression. The calculator has been derived primarily from analysis of 2,596 patients with T1G3 tumors comprising around 10% of cases (4) . As such, it is reliable to underpin those who would not progress or die of bladder cancer rather than those who would be diagnosed with MIBC. Furthermore, lack of consistent repeat transurethral resection (reTURBT) and bacillus CalmetteGuérin (BCG) maintenance therapy in selected patients additionally tempers its' current clinical application (3) . Therefore, other prognostic measures of BC are broadly investigated. More recently published studies included patients treated with maintenance BCG for 1 to 3 years, however none of them had reTURBT, what could have contributed to understaging and hence, overestimating the risk of progression by proposed scoring system, especially in patients with T1G3 tumors (1) . According to other data from meta-analysis of seven retrospective studies, combining the outcomes of 1,206 patients with NMIBC, lymphovascular invasion (LVI) in TURBT specimen, defined as tumor cells within or attached to the wall of a vascular or lymphatic space, was recognized as a significant risk factor for progression (pooled HR =2.28, 95% CI: 1.45-3.58) (5). Additionally, several histologic variants and divergent differentiations of urothelial carcinoma, with different influence on prognosis, have been defined (6) . Although, micropapillary, sarcomatoid or plasmacytoid variants are correlated with poor outcomes, differences in prognosis, compared to pure urothelial cell carcinoma, may not be so apparent in case of nested or small cell variants when corrected for stage of the disease (7). Especially, when taking into consideration high rate of understaging of the primary tumors with variant histology (VH) (8 (9) . Authors aimed to develop a clinical decision-making tool that integrated VH and LVI for selecting patients with T1G3 bladder cancer who would be at increased risk of disease progression. Prognostic model, based on 5 clinicopathologic features (LVI, VH, concomitant CIS, tumor multifocality and size), was developed and tested on equally sized derivation and validation cohorts respectively. Within a median follow-up of 56.6 months, from 1,289 patients, 553 (42.4%) experienced disease recurrence while progression was observed in 166 (12.7%) of them. LVI and VH were found in 115 (8.9%) and 157 (12.2%) patients respectively, while both features were identified in 34 (2.6%) cases. In multivariate analysis LVI and VH were found to be associated with the highest risk of progression (HR =3.5 and 4.4 for LVI and VH respectively) being the two most predictive factors in the presented model. Based on the outcomes of 645 patients in the derivation cohort, estimated 5-year risk of progression mounted to 38.7%, 47.3% and 78.3% for patients with LVI, VH and both features respectively compared to 7% for those with none of the above factors. Interestingly, neither tumor multifocality nor tumor size >3 cm or concomitant CIS were found in multivariable competing-risk analysis to be significantly correlated with the risk of progression. These findings can be partially explained by the fact that this cohort represents, unlike other cohorts, high-risk population with relatively high progression rate (9) . Moreover, relatively low prevalence of concomitant CIS (6.2%) observed by authors may have influenced its prognostic value.
In practical considerations, nomogram derived from the mentioned analysis has been proposed to better identify patients with NMIBC who would benefit from early radical treatment. Assuming 20% threshold of progression risk as the trigger for RC, one may reduce the rate of unnecessary surgery by 64.8% in patients that would not experience disease progression, without missing a patient that would experience disease progression (9) . However, several limitations that may compromise the accuracy of this nomogram should be acknowledged. First of all, despite reTURBT was declared as a policy at all of included centers (9) , data regarding the rate of reTURBT and adherence to EAU indication for reTURBT was not provided. Hence, discrepancy between different centers regarding quality of treatment could not be ruled out. The same consideration can be made on the BCG treatment. Furthermore, lack of precise data about subtypes of VH, in the context of its heterogeneity and different prognosis, may contribute to compromise its predictive value in particular patient.
Efforts to create precise decision-making tool for better identification of T1G3 patients who will progress and hence need upfront RC are consistent with the movement towards risk-based counseling and personalized medicine. Clinical and histological features, as mentioned above, are only some of investigated variables. In recent years, several promising molecular markers have been identified, however further validation is needed. Based on the genomewide analyses, molecular subtypes within two major groups (NMIBC and MIBC) were defined, providing potentially prognostic information. One of the first studies in this field defined five subtypes among tumors of all stages and grades (10) . More recently, large multi-centre study on a group of 460 with NMIBC, has provided evidence for three expression classes. Class 1 contained many Ta tumours and showed best prognosis while class 2 and 3 contained more T1 high-grade tumours and those with a high EORTC risk score. These classes included the majority of patients who progressed to MIBC (11) . Another promising marker of clinical importance is FGFR3 mutation linked to favourable prognosis in T1 patients (12) .
In summary, D Andrea et al. demonstrated that LVI and VH are important histological features of predictive value. This statement is consistent with EAU guidelines including LVI and VH into definition of the highest risk tumors. Moreover, authors proposed nomogram, based on the cohort of high-risk patients treated with reTURBT and maintenance BCG, with better than EORTC and CUETO calculator discrimination in predicting progression of T1G3 BC. Due to the movement towards tailored-made treatment further molecular markers of NMIBC progression and validation of already existing ones in immediate future are expected.
